Abstact: The etiology of developing class III malocclusion and the role of craniofacial structures in this phenotype remain indistinct. The purpose of this study was to compare the relative relationship of craniofacial structures of DUSP6 gene mutation and non-mutation groups in class III malocclusion of Malaysian Malay families and their three generations. Thirty class III cephalometric radiographs of ten Malaysian Malay families including three generations with an average age 23, 54 and 79 years of each generation respectively were studied. All landmarks were positioned, determined and consequently tracings were completed Romexis software (Planmeca, Finland) to accomplish craniofacial morphology investigation. The statistical comparisons of the mutation and non-mutation group were conducted with independent t test and analysis of variance (ANOVA) was applied to evaluate the values for three generations in class III malocclusion among all measurements. The result of the current study revealed that in mutation group, there are significant differences in Co-Gn-B and SN-MDP variables compare to non-mutation group. However, almost all craniofacial variables show no significant differences among three generations. This study may suggest that in mutation group mandible is more deviated from cranial base compare to non-mutation group and there are virtually no skeletal changes among three generations with age in case of growing class III malocclusion.
Introduction
In t his era of growing research and tech nological developments, there is existence of many doubtful and unanswered questions. Abundant researches have been concentrated on an appealing question: does the cephalometric analysis show the variations in genetically inherited malocclusions? This mystery has been around from the commencement of orthodontics.
Angle assumed in his classification of malocclusion that the first permanent molars are constant relation to jaws, which is allied to the relative sagittal position of mandible and maxilla 1) . Since then, distinctive craniofacial patterns has been studied widely with emphasis on craniofacial characteristics in subjects with class III malocclusion [2] [3] [4] . Class III malocclusion defined as the mesial position of mandibular permanent first molar (i.e. more advance beyond normal position of maxillary first molar), mostly a skeletal type of occlusal disparity 5) . However, it is a complex skeletal phenomenon may grounds either due to retrusion of maxilla, protrusion of mandible or blend of both occurrences. Sanborn stated that 33 % of his sample with class III malocclusion had maxillary skeletal retrusion with normal mandibular range, 45.2 % of sample had protruded mandible and 9.5 % were perceived combination of both skeletal patterns 6) .
Class III malocclusion is a dominantly hereditary, gradually progressive dento-skeletal malocclusion. The etiology of class III malocclusion is a curious issue and there is much to be clarified and understood. To describe class III malocclusion, environmental and genetic factors are playing the major role and it follows the autosomal dominant mode of inheritance was confirmed from altered studies 1, 7, 8) . However, the relationship concerning cranialbase morphology related to genetic heritability and Class III malocclusion is not entirely understood.
Whereas it is commonly stated that the skeletal class III malocclusion is an inherited trait but there is a privation of association studies found regarding genetic influence. Association among the predisposed genes, genetic mutation and environmental factors may grounds several polygenic traits like class III malocclusion 9) . To unravel the effect of genes in growth of dentofacial phenotype, the exceptionally variable range of phenotypic explanation within and across populations has mired efforts.
Meticulous analysis in heritability of malocclusion and craniofacial morphology between family members and twin model has been widely held all over the world [10] [11] [12] . To forecast the craniofacial dimensions, heritability of parent-offspring or twin data is reflected valuable role.
We accomplished a genetic study with DUSP6 gene in patients having class III malocclusion in ten families including three generations of Malaysian Malay subjects and found a novel missense mutation 1907 C> T (p. Thr 365 Ile) and 1930 T> C (p.
Tyr 373 His) were identified in DUSP6 gene on four members in one family (unpublished data). Until now, there is no study has been carried out to compare the skeletal relationship, craniofacial morphology between mutation and non-mutation group in class III malocclusion. We have, hence, given precise attention to the subjects of genetically inherited class III malocclusion in Malaysian Malay population. Based on these facts, the purpose of this study was to -· Determine the craniofacial morphology in mutation group in class III malocclusion. · Determine the craniofacial morphology in non-mutation group in class III malocclusion. · Compare the craniofacial morphology between mutation and non-mutation group. · To check the changes in craniofacial morphology among three generations having class III malocclusion.
Material and Methods
All participants provide their written informed consent (One of the parents, either father and/or mother gave written consent for the adolescent subjects). This study was approved by the Human Research and Ethics Committee (HREC), Universiti Sains It was confirmed that while taking x-ray; patients were standing on upright position, the teeth were in occlusion, infraorbital meatus line should be parallel with the floor, lips in relaxed position and ear rods should be in external auditory meatus. Lateral cephalograms were traced, and cephalometric reference points were determined (Table 1) . Therefore, all structures were scaled to an equivalent size, tabulated and compared respectively.
The digital images (Lateral cephalograms) were investigated using Romexis software (Planmeca, Finland) functioning with computer (DX2810 Microtower PC, HP Compaq, US) and 17inch monitor screen (LE1711 LCD monitor, HP Compaq, US).
Glossary of measurements
Different linear and angular measurements were done to check the skeletal relationship of both groups ( Table 2) .
Control of Error
Dalhberg's formula 13) was applied to analyze the error in tracing ME = √Σ (x1-x2) 2 
/ 2n
Here, x1 determined as first measurement, x2 determined as second measurement and n is the number of repeated records 14) . 20 % of the radiographs from each generation were traced and digitized 2 nd time after one month interval.
Statistical analysis
The data were analyzed statistically using IBM SPSS Statistics Version 22.0 (Chicago, USA) with confidence level set at 95 % (P <0.05) to test for significance. Independent t-test was calculated for each variable to test for significant changes among mutation Id -M -Go An angle between Infradentale, Midpoint of premaxill and Gonion.
Id -Gn -Co
An angle between Infradentale, Gnathion and condylion.
SN -MDP
Angle between mandibular plane to S-N plane to determine the divergence of mandible to cranial base.
FA (Facial Angle)
The intersection of the Frankfort horizontal and the facial plane (N-Pog) to measure the degree of retrusion or protrusion of the lower jaw.
GA (Gonial angle)
Angle between Ar-Go-Me to determine the divergence of mandibular base 
Results

Control of Error
The reproducibility of the measurements was evaluated by associating the data taken at one-month alteration. To test the level of miscalculation involved in the current study, lateral cephalometric radiographs from each group were randomly selected and measurements were repeated one month interval.
Dahlberg's formula was applied to control the method-error, which did not surpass 0.2 mm for the linear variables, 0.66 degree for the angular variables. The combined error for any of the variable was small and considered to be within satisfactory edge 14) .
We have presented mean and standard deviation of craniofacial morphology in mutation and non-mutation group (Figs. 1, 2 ) and among three generations (Figs. [3] [4] [5] showing as polygon respectively. Polygon is showing mean and standard deviation in cephalometric analysis for craniofacial morphology for easy understanding.
Comparison of craniofacial morphology between mutation and non-mutation group
Among the evaluated elements of craniofacial morphology in Table 3 ). The other variables show no significant differences between these two groups. Moreover, almost all variables show larger value in mutation group than the nonmuation group.
Craniofacial morphology changes among three generations:
Among the evaluated elements of craniofacial morphology in three generations, almost all variables showed no significant differences among all craniofacial variables except one variable among 1 st generation vs 2 nd generation in yen angle (Table 4 ). 
Discussion
It has been observed since long that class III malocclusion is one of the most unadorned facial disharmony. Moreover, it is proven this malocclusion exceeds to underlying skeletal problem but dental discrepancies 15) . True class III malocclusion demonstrates mandibular skeletal protrusion, maxillary skeletal retrusion or blend of both. Furthermore, a deficient or extreme vertical facial height also commonly demonstrated and influence on the therapeutic and diagnostic verdicts. Since long it has been said that class III malocclusion is predisposed by genetics 16, 17) and several environmental factors like growth 18) , Endocrine imbalances 19) , hormonal disturbance 20) , congenital anatomic defects 21) etc. Apparently, a characteristic, genetically inherited mandibular morphology is recognized timely on in ontogeny and perceptible in early childhood 22) .
Nevertheless, it is commonly said about the genetic influence on class III malocclusion, very few works has been done to assess the quantitative character of heredity in the development of this condition. Different studies discussed various susceptible loci, genes and genetic association for the class III malocclusion 9, 16, 23) . However, no study has been found to evaluate the craniofacial characteristics of genetically exaggerated class III malocclusion.
Several studies with different cephalometric analysis proved that the norms vary among different races and population [24] [25] [26] . Previous study on Malaysian Malay ethnic group concluded that etiology of class III malocclusion is having large and prognathic mandible compare to Malaysian Indian and Malaysian Chinese [27] [28] [29] [30] . Therefore, this study was commenced to relate mainly mandibular morphologic characteristics of the craniofacial complex of DUSP6 missense mutation and non-mutation groups in class III malocclusion of Malaysian Malay families and their three generations.
In human genome there are around 200,000 nonsynonymous coding variants 31) . Missense mutation occur in the coding region of gene lead to alterations in the amino acid sequence of their protein products which changes the structure and function of that protein. Missense mutations are identified to cause highly penetrant, Mendelian inherited pathological conditions 32, 33) . For skeletal growth and development, FGF/FGFR (FGF receptor) signaling pathways play the major role 35) . As previously revealed, class III malocclusion is may the consequence of mandibular prognathism and/ or maxillary retrognathism 36) mentioned that FGFR2 and FGFR3 might be allied to maxillary retrognathism as showed by their contribution in cranial suture biology and craniosynostosis that may be the outcome of class III malocclusion due to abnormal premaxillary suture function.
Vorhies and Adams 37) malocclusion. Mostly, when comparison done between two types of occlusion the size and shape changes were more obvious in the symphyseal region. The length of mandible (Co-Gn) was found larger in class III malocclusion subjects compared to control subjects 2, 27, 39) . However, Sing 40) found no significant difference in Co-Gn between normal and class III malocclusion and the supramentale length (Gn-B) showed increase value in class III maloccl us ion. As ou r stud y comprised between same malocclusions, we did not find any significant difference among mutation and non-mutation groups in these variables. However, the relation between cranial base and anterior posterior position of mandible is decided by angular measurements. The angle between mandibular length (Co-Gn) and supramentale length (Gn-B) shows significant difference in mutation group than the nonmutation group. Angle is more acute in mutation group. As the result of this study, showing mandible is more protruded in mutation group than the non-mutation group. Therefore, we can say that missense mutation of DUSP6 gene may influences the craniofacial growth in class III malocclusion. Mandibular plane showed the higher cant patients having class III malocclusion in Malaysian Malay 28) . Moreover, angle between S-N and mandibular plane represents the determination of the mandibular deviation from cranial base. Current study shows that the mandible is more deviated from cranial base in mutation group compare to non-mutation group in class III malocclusion. Rest of variables show no significant differences between mutation group and non-mutation group. Since long ago there is controversy regarding skeletal effect of class III malocclusion with age. Guyer et al. 41) , found that, class III malocclusion shows unique dental and skeletal deviations from an early age. However, Bahaa et al, 27) stated that in class III malocclusion discrepancy develop worse with age. In current study, we checked the skeletal relationships in three generations and found almost all variables showing no relation of skeletal changes with age. Some studies also focused genetic association with class III malocclusion in Growth hormone receptor (GHR) gene polymorphism contributes the changes in the mandibular ramus height in mandibular prognathism among Korean population 42) . Likewise, same gene polymorphism is associated with mandibular height in Chinese population too 43) . Meanwhile, Mandibular length (Co-Gn) and lower face height (ANS-Me) were also associated with same gene polymorphism in Turkish population 44) . Therefore, genetic mutation or polymorphisms are playing an important role in craniofacial growth. In future, a diverse gathering of samples might give much better image of the Malay ethnic group, in terms of genetics. Collection of samples from different races within Malaysia would be a more generalized illustration of the genetic status for Malaysian population. We can conclude that-· There are significant differences in in Co-Gn-B and SN-MDP variables in mutation group compare to non-mutation group. · Analysis of variance suggested that almost all variables show no skeletal changes among three generations with age in case of growing class III malocclusion. · The present results concluded that mandibular morphology shows. variations in mutation group compare to the nonmutation group.
